Abstract-DIORAMA is a real-time scalable decision support framework built on rapid information collection and accurate resource tracking functionalities. Using RFID technology the proposed system tracks emergency responders and victims at the disaster scene. DIORAMA improves the accuracy and decreases the time it takes rescuers to triage, treat and evacuate victims from a disaster scene, as compared to the traditional methods and process that involves using paper triage tags. The information can then be viewed from a website that shows a satellite image of the disaster area with icons representing the paramedics and victims. Index Terms-Outdoor localization, active RFID, triage, disaster, mass casualty incident.
I. INTRODUCTION
Disasters are by definition unpredictable, dangerous and overwhelming. Our project, DIORAMA, is designed to assist incident commanders in their attempt to bring order to the chaos as they direct rescue operations. This technology can also be used to keep track of personnel; particularly should there be secondary events that put the rescuers at risk.
Once the first responders arrive at the mass casualty incident site, they deploy the DIORAMA equipment. The Emergency Medical Service (EMS) providers will triage each patient in the disaster scene and tag them with a DIORAMA electronic tag (D-tag) which reflects the severity of the patient's injury (red, yellow, green and black) and will be used to track the patients' location. Moreover, each emergency responder (paramedic, firefighter, police personnel, etc) and resource also carries a DIORAMA tag. Using our DIORAMA system, we will have an accurate knowledge of the real-time location of each of the patients as well as of the emergency responders and resources (see Figure 1 ). Some specific scenarios to demonstrate the This project was supported in part by the following grants: Grant numbers ANI-0434985 and DUE-0736888 from the National Science Foundation and Grant Numbers R21LM008942-01A2 and 3R21LM008942-02S2 (ARRA) from the National Library of Medicine/National Institutes of Health. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Science Foundation, National Library of Medicine or the National Institutes of Health. benefits of this technology: On January 12, 2010 a catastrophic earth quake struck the island nation of Haiti. This disaster is ongoing, but what is known is that over 3 million people are affected and the death toll will likely exceed 150,000. The injured and dead are dispersed over approximately 700 hundred square miles. Many of the dead have been removed from their collapsed buildings and buried making identification and location issues nearly impossible. If initial response teams had the DIORAMA system the triage system would not only determine who needs what resources and where they are, but they would also insure that the deceased patients would be tracked. In large disasters, such as what is currently ongoing in Haiti, patients are frequently identified by their location. With DIORAMA the system would have captured the deceased initial location at tagging which could allow the victim to be identified. In the Wenchuan earth quake in Sichuan Province, China in 2008, there were 16,000 missing victims. Many were buried in mass graves or carried away in the rubble when it was removed. DIORAMA could allow the identification of many of those victims through its location technology.
Disaster response and recovery efforts require timely interaction and coordination of emergency services in order to save lives and property. WIISARD [1] , CodeBlue [2] , and AID-N [3] are among the recent efforts to develop new technologies for disaster management. While these systems provide a large amount of useful operational and clinical data to rescuers, the expense, size and complexity of the client device they use make it impractical to distribute an adequate number of devices to all of the victims on the disaster scene.
The remainder of the paper includes the following sections. Section II introduces DIORAMA architecture and Section III introduces DIORAMA software overview. The localization engine is described in Section IV. Section V summarizes testing results and Section VI concludes the paper.
II. DIORAMA ARCHITECTURE
The DIORAMA architecture overview is presented in Figure 2 . Each victim is tagged with an active RFID tag which we denote D-tag which is worn by the End Users The DIORAMA software that runs on the DIORAMA server computes the victims' location and displays it on the DIORAMA GUI. The system users login to the DIORAMA server and can view the victims' location overlayed on Google maps as well as summary tabs which include information such as the total number of victims of each severity level (i.e., color) and the number of evacuated victims. See Figure 1 .
III. DIORAMA SOFTWARE OVERVIEW
The DIORAMA software that runs on the server is divided into four parts: DIORAMA Server Listener: it listens for incoming socket connections from the D-Tracks. Once the connection has been established the Listener receives RFID tag ID# and RSSI from the D-Track devices. SQL Server: the Server Runs Microsoft SQL Server 2008 Enterprise which stores ID#, RSSI, Victim Condition, and positional information. DIORAMA Localization Engine: when a victim is discovered, its position is updated at the paramedic's current location as determined by the localization engine (see Section 6) . DIORAMA Web Interface: it queries the database for Paramedic and Victim Positions. Their positions are then overlayed on a Google Maps Interface using predefined markers. As the paramedic position changes, the marker will be updated to the new location. As victims are triaged they will appear on the map and an additional interface will count the number of victims at the scene.
IV. LOCALIZATION ENGINE
The DIORAMA system uses a signal strength fingerprint approach to localize the paramedic wearing the RFID tags mounted on the helmet. The test area is first uniformly discretized into small grids which are indexed. For each grid, the expected received signal strength of beacons sent at that location and received by all RFID readers deployed will be calculated according to a radio propagation model. The expected received signal strength is unique for each grid, and constitutes the fingerprint of the grid. Let ( , ) x y k d be the distance from the center of the grid (x,y) to reader k, the expected signal strength at grid (x,y) , from reader k , the expected signal strength can be approximated as a second order polynomial of the distance as
0.71 log 8.49 log 39.3.
x y x y x y k k k
The parameters are determined using curve fitting under outdoor environments. The raw measurements and the fitted curve are shown in Figure 3 .
The finger print of a grid is a vector composed of expected signal strength from all readers. For a configuration including r N readers, the fingerprint of grid (x,y) will be .
The localization algorithm search the best match fingerprint in the signal strength fingerprint database, and use the grid location as the location estimate. A cost function is defined according to how close the actual measurement k s matches the fingerprint
.
With the cost function defined in equation (3), the location can be estimated as   ( , ) [ , ] arg min ( , ).
x y x y C o s txy = (4) Figure 4 shows an example of cost function for a 100ft X 100 ft setup, with a paramedic standing at (40,30). In this example, the minimum of the cost function is achieved at grid (24, 44), which will be used as the estimated location.
V. TESTING
To evaluate quantitatively the performance of DIORAMA we conducted multiple simulation trials in a 100ftx100ft zone with different number and placement of victims (up to 27) and different environmental conditions (daylight, darkness, obstacles). In the remainder of this section we will provide two sets of results: 1. "Accuracy" trials, which measure the achieved accuracy of the localization algorithm 2. "Simulation" trials, which compare the evacuation time and evacuation completeness between the DIORAMA system and the paper-based system In each trial we followed a specific grid where the position of each victim is defined in advance. An example of the simulation grid is depicted in Figure 5 . The trials included various settings such as: Visibility (daylight or darkness), number of victims (10 to 27), victims' triage level distribution (number of Red, Yellow, Green and Black), victims' representations (cones/human subjects), and scene visibility (with or without obstacles).
Accuracy Tests
We conducted numerous trials in which we computed the difference between the estimated position and the real location of the victims. The average and standard deviation of all displacements was then calculated. We recorded no statistical differences in the location accuracy by changing the trials' settings. Since we need to locate humans which are significantly larger than a cone, the correct way to represent the location accuracy is using the body length metric (6 feet). Therefore, errors less than 6 feet are counted as zero unit, errors between 6 to 12 feet are as one unit, etc.
We have obtained average accuracy of 10.66 (1.78 body length) feet with standard deviation of 5.26 feet (0.88 body length) over 16 trials. We showed that most poor localization estimation can occur for victims placed on the border, from a mirroring effect for some positions on the grid or just when the readers are globally far from the tags and make the estimation more sensitive to background noise. However, despite this phenomenon, the average accuracy stays consistent.
Evacuation Time and Evacuation Completeness
We compared the evacuation time between the DIORAMA arm and the paper-based triage arm. For each layout and settings we had a DIORAMA trial and a paper based trial (see Figure 5 ). All trials were performed by four certified EMTs. Each of them were attributed a permanent role for all the simulations: Incident Commander for the DIORAMA phase, Evacuator for the DIORAMA phase, Evacuator for the paper-based phase, Triage EMT for both DIORAMA and paper-based phase.
Only the DIORAMA team knows the grid used for deploying the victims in the field (see Figure 5 ). The EMTs have no knowledge of the grid and do not have any visual contact with the scene before they assume their role (triage and evacuation) in the trial scene. The I.C. has no visual contact with the scene and only uses the information provided by the DIORAMA GUI to instruct the paramedic in the evacuation phase. This demonstrates the utility of this system in allowing a commander who is not able to directly visualize the scene to effectively direct the rescue personnel.
For both DIORAMA and paper trials we recorded the evacuation time, the evacuation completeness (percentage of victims that are evacuated from the total number of red and yellow victims to be evacuated) and the total number of incorrect visits (visits of the EMT to victims that do not need to be evacuated.
Our results show an average reduction of 30% in evacuation time in the DIORAMA trials compared to the paper triage trials. The savings in trials with obstacles is as high as 54%. The significant reduction in evacuation time is explained by the drastic reduction, average 80%, in the number of incorrect visits in the DIORAMA trials compared to paper trials. This is due to the fact that in the DIORAMA system the evacuator is guided by the IC to the victim that needs to be evacuated (a red victim or a yellow victim, depending on the situation), i.e., there are very few incorrect visits. On the other hand, in a paper triage trial the evacuator has no guidance, and therefore scans the disaster area multiple times. In a large disaster site the time taken by incorrect visits can significantly increase the evacuation time during the paper triage trials, improving the relative efficiency of the DIORAMA system.
Another interesting result is the evacuation completeness. In the DIORAMA system we obtained always 100% evacuation completeness while in the paper trials we obtained as low at 80% evacuation completeness. This is due to the fact that in the DIORAMA system the IC knows the number of victims of each severity level and therefore, no victims can be left behind.
Qualitative Assessment
We have collected qualitative feedback from the EMTs that participated in the trials including the EMT supervisor that attended most of the trials. Overall the collected feedback was extremely positive and encouraging. The current prototype is evaluated as already very useful to provide a bird-eye view of the triage and evacuation situation and to provide direct guidance to the EMTs on site. The system is recognized by the EMS community as "potentially being incredibly useful and providing remarkable improvements in MCIs", especially for large scale disasters. They recognize that the system can considerably reduce the evacuation time on large areas. The participating EMTs, particularly appreciate the quality assurance DIORAMA brings to the rescue because it ensures a 100% complete evacuation.
Most identified weaknesses are related with some GUI improvements, with the suboptimal hardware used or with the fact that the system does not support multiple EMTs simultaneously. These elements are understandable for a prototype system and could easily be solved or improved by implementing some changes in the code and by using customized hardware for the D-tags and D-tracks.
VI. CONCLUSION
In this paper we introduced DIORAMA system which provides real-time localization and tracking of victims in a disaster scenario. As presented in the paper the system deployment is inexpensive while providing very good location accuracy of victims during a mass casualty event.
In order to deploy the system as a commercial product we need to 1) minutiarize and ruggedize the hardware, 2) address the scalability issues in both software and hardware, and 3) run large scale trials to prove the feasibility and usefulness of the system. 
